Fatty acids (FA) are important not only as an energy source but also as components of the cell membrane be cause fatty acid composition influences membrane flu idity and the function of receptors or channels (1) . Polyunsaturated fatty acids (PUPA) decrease plasma tri * To whom correspondence should be addressed. E-mail: amatsu@josai.ac.jp Abbreviations: AA, arachidonic acid; ACAT, acyl CoA: cho lesterol acyltransferase; BSA, bovine serum albumin; CETP, cholesteryl ester transfer protein; DHA, docosahexaenoic acid; DMEM, Dulbecco's modified Eagle's medium: EPA, eicos apentaenoic acid; FA, fatty acid; HNF4, hepatocyte nuclear factor 4; HTGL, hepatic triglyceride lipase; LCAT, lecithin-cho lesterol acyltransferase; LPDS, lipoprotein-deficient serum; LXR, liver X receptor; MPD, mevalonate pyrophosphate decar boxylase; OA, oleic acid; PPAR, peroxisome proliferator acti vated receptor; PUPA, polyunsaturated fatty acids; ROS, reac tive oxygen species; RT-PCR, reverse transcriptase-polymerase chain reaction; SA, stearic acid; SDS, sodium dodecyl sulfate; SRE, sterol regulatory element; SREBP, sterol regulatory ele ment-binding protein; SSPE, buffer consisting of saline, sodium dihydrogen phosphate-ethylenediamine tetraacetate. This equation permits the expression of fold change as a positive number when the transcript increased over its control state, and as a negative number when the tran script level decreased. If the noise (Q QM) of either array was greater than the Avg, cliff. of the transcript (in ei ther the control or experimental data), the fold change was calculated using the noise.
Quantitative RT-PCR. Single-strand cDNA was syn thesized from l jig of total RNA using random hexamer and TagMan Reverse Transcription Reagents (Applied Biosystems, Foster City, CA, USA). Primers for PCR were designed using Primer Express (Applied Biosystems) software. Primer sequences were 5'-GCAAGGCCATCG 
RESULTS
Gene chip analysis Table 1 shows the effect of FA on genes except for those related to cholesterol and lipoprotein metabolism. PUFA suppressed the mRNA levels of SREBPs, as well as of those expressing transcription factors such as NF-kB p65, nuclear factor I-X (NFI-X), PPARs and Rad2. PUFA repressed the expression of lipogenic genes such as fatty acid synthase and stearoyl-CoA desaturase. Al though gene expression related to FA oxidation was not changed, PUFA up-regulated 2-oxoglutarate dehydroge nase, isocitrate dehydrogenase and succinyl-CoA syn thetase, all of which are involved in the TCA cycle. However, the expression of LXR, HNF, c-fos, and nur-77, which were thought to responde to FA, did not change. All FA largely increased mRNA levels of metalloth ionein-IG, ventricular/slow twitch myosin alkali light chain (MLC-1V/Sb isoform), and deleted split hand/split foot 1 (DDS1). In addition, PUPA affected the expression of genes involved in cell differentiation and prolifera tion. Table 2 shows changes in genes related to cholesterol and lipoprotein metabolism by FA treatments. PUFA suppressed the mRNA levels of LDL receptor, HMG CoA synthase and HMG CoA reductase, all of which are SREBP targets (12) (13) (14) . Furthermore, the expression of mevalonate pyrophosphate decarboxylase (MPD) and squalene epoxidase, which function in the cholesterol synthetic pathway were down regulated. Lysosomal acid lipase was one of the PUFA responsive genes that had not been reported. Results of gene chip showed no change of the expression of LXR-alpha and unde tectable levels of the mRNA expression of acyl CoA: cho lesterol acyltransferase (ACAT), and cholesterol ester transfer protein (CETP), which are thought to be regu lated by PUFA (15,16) .
Quantitative RT PCR
To confirm the effects of PUFA observed by DNA micro array analysis, we measured the mRNA levels of SREBPs and MDP in PUFA-treated HepG2 cells using real-time RT-PCR. AA, EPA, and DHA reduced the mRNA levels of SREBP-1 and-2, whereas OA did not af fect the mRNA levels (Fig. 1) . Generally, n-6 and n-3 PUFA similarly affect the expression level of SREBP Figure 2 shows that PUFA also decreased the mRNA levels of MPD by 50%. We also confirmed the effect of PUFA on the mRNA levels of prostasin (Fig. 3) . PUFA re pressed the expression of prostasin, but changes in the mRNA levels were smaller than those shown by gene chip analysis. Figure 4 shows up-regulation by PUFA on the mRNA expression of HTGL.
DISCUSSION
The present study investigated the extensive effects of PUFA on gene expression in HepG2 cells and explored thenovel functions of PUFA. Few genes were induced or reduced by PUFA more than 8-fold among the approxi mately 6,000 gene probes on the oligonucleotide chip. The effects of PUFA on gene expression were moderate compared with those elicited by other drugs or chemi cals (17, 18) . This may be because PUFA are nutrients that are naturally catabolized to produce energy. As the MPD mRNA level was decreased by -9.5 (11%) with DHA by gene chip analysis, we measured the mRNA levels of MPD using a real time RT-PCR of HepG2 cells incubated with PUFA. The gene chip analysis showed reduced mRNA levels by -1.7, -1.2, -1.8 in SREBP 1, and -1.5, -1.9, -1.7 in SREBP-2 with AA, EPA, and DHA, respectively. We also analyzed mRNA levels of SREBPs in FA-treated HepG2 cells using quantitative RT-PCR (Fig. 1) . We confirmed that PUFA suppressed MPD, and SREBPs but the magnitude of the effect was not equivalent between the data obtained from the gene chip analysis and that from RT PCR. However, the gene chip analysis reflects the tendencies of PUFA, and is a useful tool for investigating the comprehensive effect. In the tables, therefore, we listed the data obtained using the gene chip with the absolute value of the fold change >2 and the similar tendencies among PUFA treat ments.
The results of gene chip analysis showed the changes of SREBP and PPAR resulting from PUFA, but the analy sis did not detect changes in HNF, c-fos and nur-77, which have been previously reported (8). More detailed measurements of each gene are required to accurately quantify changes in the mRNA levels. It may be related to the expression levels of some genes in HepG2 cells. Although HepG2 cells are familiar for investigating the lipid metabolism, the expression of PPAR was low whereas the expressions of apolipoproteins AI, All, and E were high (data not shown).
Our data showed that PUFA repressed the expression of hepatic lipogenic genes and almost all of the genes as sociated with the cholesterol synthetic pathway. In this study using HepG2 cells, one of the major mechanisms of mRNA expression down-regulation caused by PUFA Table 1 .
Fold changes of mRNA levels by fatty acid treatment in HepG2 cells.
HepG2 cells were treated with 0.25mM of oleic acid (OA), arachidonic acid (AA), eicosapentaenoic acid (EPA), or docosa hexaenoic acid (DHA) for 24h. a Average differences were expressed the intensities of the mRNA levels in control HepG2 cells . * The value of fold change was calculated using the noise , since the noise of either array was greater than the average differ ece of the transcript in both the control and the FA-treated groups. HepG2 cells were treated with 0.25mM of oleic acid (OA), arachidonic acid (AA), eicosapentaenoic acid (EPA), or docosa hexaenoic acid (DHA) for 24h. a Average differences were expressed the intensities of the mRNA levels in control HepG2 cells. * The value of fold change was calculated using the noise , since the noise of either array was greater than the average differ ece of the transcript in both the control or the FA-treated groups. On the other hand, the gene expression of enzymes that catabolize FA (29-32), namely carnitine: palmi toyl-CoA acyltransferase 1 (CPT1), acyl-CoA oxidase antioxidant genes, such as metallothionein-IG and ex tracellular-superoxide dismutase (SODS). However, the overall response to oxidation was much less and the ex pression of microsomal glutathione S-transferase and manganese superoxide dismutase (SOD2) were not sig nificantly changed (Table 2) . We believe that little ox idative stress was induced by adding PUFA to HepG2 cells even though the PUPA were extremely pure (99%). The induction of immunological and antioxidant genes in their study might have been caused by adaptation to excess ROS production, since they fed the diet contain ing a very high concentration of fish oil (60% of total energy intake) for 6mo. Prostasin is a new serine protease that was purified from seeeminal fluid, and its cDNA has been sequenced (39). Prostasin is expressed in the human prostate, kid ney, and lung, as well as in body fluids, including semi nal fluid and urine (40) . The relationship between prostasin and prostate cancer has been investigated (41) (42) (43) (44) . Prostasin might act as an extracellular regula tor of epithelial sodium channels (44) . However its physiological role in humans is not known. Prostasin was significantly suppressed by PUFA in this study and an SRE was located in its upstream region of the gene (45) , suggesting that prostasin plays an important role in processing some proteins in response to cellular cho lesterol concentrations.
PUFA also affected the genes involved in cell prolifera tion and differentiation.
Further analysis using the data obtained by this study is needed in order to clarify the 
